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Attorney Docket No. 36856.450 
HIGH-FREQUENCY MODULE AND RADIO DEVICE USING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a high- 
ly frequency module and a radio device including the same, and 
£«i more particularly, to a high-frequency module for use m a 

balanced transmitter/receiver system, and to a radio device 
\^ including the same. 

O 2. Description of the Related Art 

Q In general, the 2.4 GHz band is an Industrial, 

l-j Scientific and Medical (ISM) equipment frequency band, and 

is internationally allocated for industrial, scientific and 
medical use so as to prevent disturbances due to crosstalk 
or interference. The 2.4 GHz is utilized for wireless local 
area networks (LANs) because it ensures the bandwidth in 
which high-speed broadband communications of several 
megabits per second (Mbps) are possible, or because it has 
high availability and high radio- wave propagation at low 
cost . 

Fig. 13 is a block diagram showing a radio frequency 
(RF) circuit for Bluetooth, a wireless LAN protocol, which 



was suggested in "NIKKEI ELECTRONICS" No. 761, p. 155, 
published by Nikkei Business Publications, Inc. The RF 
circuit includes a band-pass filter 51, a high-frequency 
switch 52 for switching a transmission signal and a 
reception signal, a transmitter circuit Tx having a high- 
power amplifier 53 and a multiplier 54, and a receiver 
circuit Rx having a low-noise amplifier 55 and a mixer 56. 
The band-pass filter 51 attenuates spurious high-frequency 
signals such as transmission and reception signals of other 
frequency band communication systems represented by GSM 
(Global System for Mobile communication) in the 900 MHz band, 
DCS (Digital Cellular System) in the 1.8 GHz band, and PCS 
(personal Communication Services) in the 1.9 GHz band, and 
the second and third harmonics of reception signals of the 
2.4 GHz band communication system of the present invention. 
The band-pass filter 51 has a first terminal 511 connected 
to an antenna ANT, and a second terminal 512 connected to a 
first terminal 521 of the high-frequency switch 52. A 
second terminal 522 and a third terminal 523 of the high- 
frequency switch 52 are connected to the high-power 
amplifier 53 in the transmitter circuit Tx, and the low- 
noise amplifier 55 in the receiver circuit Rx, respectively. 

In the above -described RF circuit, the band-pass filter 
is used as a high-frequency filter for attenuating spurious 
high-frequency signals such as transmission and reception 



signals of other frequency band communication systems, and 
the second and third harmonics of reception signals of the 
communication system of the present invention. Such a 
typical RF circuit experiences problems with the insertion 
loss at the high-frequency filter being reduced, thus 
reducing the insertion loss at a high-frequency module. 

SUMMARY OF THE INVENTION 
In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
compact high-frequency module that prevents reduction in the 
insertion loss, and a radio device including such a novel 
high-frequency module. 

According to a preferred embodiment of the present 
invention, a high-frequency module includes a high-frequency 
filter for attenuating a spurious high-frequency signal, a 
high-frequency switch for switching a transmission signal 
and a reception signal, a transmitter-side balun for 
converting a balanced signal into an unbalanced signal, and 
a receiver- side balun for converting an unbalanced signal 
into a balanced signal. The high-frequency filter is 
disposed between an antenna and a first terminal of the 
high-frequency switch, and second and third terminals of the 
high-frequency switch are connected to an unbalanced 
terminal of the transmitter-side balun, and an unbalanced 



terminal of the receiver- side balun, respectively. 
Preferably, the high-frequency filter is a high-pass filter. 

In another preferred embodiment of the present 
invention, a high-frequency module includes a high-frequency 
filter for attenuating a spurious high-frequency signal, a 
high-frequency switch for switching a transmission signal 
and a reception signal, a transmitter-side balun for 
converting a balanced signal into an unbalanced signal, and 
a receiver- side balun for converting an unbalanced signal 
into a balanced signal. The high-frequency filter is 
disposed between an antenna and a first terminal of the 
high-frequency switch, and second and third terminals of the 
high-frequency switch are connected to an unbalanced 
terminal of the transmitter- side balun, and an unbalanced 
terminal of the receiver- side balun, respectively. 
Preferably, the high-frequency filter is a notch filter. 

Another preferred embodiment of the present invention 
is a high-frequency module including a high-pass filter or a 
notch filter for attenuating a spurious high-frequency 
signal, a high-frequency switch for switching a transmission 
signal and a reception signal, a transmitter-side balun for 
converting a balanced signal into an unbalanced signal, and 
a receiver- side balun for converting an unbalanced signal 
into a balanced signal. The high-pass filter or notch 
filter is disposed between an antenna and a first terminal 



of the high-frequency switch, and second and third terminals 
of the high-frequency switch are connected to an unbalanced 
terminal of the transmitter-side balun, and an unbalanced 
terminal of the receiver-side balun, respectively. The 
high-frequency module further includes a multilayer 
substrate preferably formed by laminating a plurality of 
dielectric layers together. 

The multilayer substrate of this preferred embodiment 
may contain all the components that define the high-pass 
filter or notch filter, the transmitter-side balun, and the 
receiver -side balun, and some of the components defining the 
high-frequency switch, and may have the remainder of the 
components defining the high-frequency switch mounted 
thereon . 

In another preferred embodiment of the present 
invention, a radio device includes any of the high-frequency 
modules according to the above -described preferred 
embodiments , 

Accordingly, a high-frequency module according to 
various preferred embodiments of the present invention 
includes a high-pass filter or a notch filter as a high- 
frequency filter for attenuating spurious high-frequency 
signal, thus reducing the insertion loss at the high- 
frequency filter. 

A radio device according to another preferred 



embodiment of the present invention includes a high- 
frequency module with reduced insertion loss, thereby- 
reducing the insertion loss at the radio device. 

Other features, elements, characteristics and 
advantages of preferred embodiments of the present invention 
will become more apparent from the detailed description of 
the preferred embodiments with reference to the attached 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Preferred embodiments of the present invention will be 
described with reference to the accompanying drawings in 
which: 

Fig. 1 is a block diagram of a high-frequency module 
according to a first preferred embodiment of the present 
invention; 

Fig. 2 is a circuit diagram of a high-pass filter in 
the high-frequency module shown in Fig. 1; 

Fig. 3 is a circuit diagram of a high-frequency switch 
in the high-frequency module shown in Fig. 1; 

Figs. 4A and 4B are circuit diagrams of a receiver-side 
balun and a transmitter-side balun, respectively, in the 
high-frequency module shown in Fig. 1; 

Fig. 5 is a partially exploded perspective view of the 
high-frequency module shown in Fig. 1; 



Figs. 6A to 6D are top plan views of first to fourth 

dielectric layers defining a multilayer substrate of the 

high-frequency module shown in Fig. 5; 

Figs. 7A to 7D are top plan views of fifth to eighth 

dielectric layers defining the multilayer substrate of the 

high-frequency unit shown in Fig. 5; 

Fig. 8A and 8B are a top plan view and a bottom view of 

a ninth dielectric layer defining the multilayer substrate 

of the high-frequency module shown in Fig. 5 ,* 

Fig. 9 is a block diagram of a high-frequency module 

according to a second preferred embodiment of the present 

inventions- 
Fig. 10 is a circuit diagram of a notch filter in the 

high-frequency module shown in Fig, 9; 

Fig. 11 is a block diagram of a high-frequency module 

according to a third preferred embodiment of the present 

inventions- 
Fig. 12 is a circuit diagram of a low-pass filter in 

the high-frequency module shown in Fig. 11; and 

Fig. 13 is a block diagram of a typical RF circuit for 

Bluetooth protocol . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Fig. 1 shows a high-frequency module 10 according to a 
first preferred embodiment of the present invention. The 



high-frequency module 10 preferably includes first to fifth 
terminals 101 to 105, a high-pass filter 11, a high- 
frequency switch 12, a transmitter-side balun 13, and a 
receiver-side balun 14, 

The high-pass filter 11 attenuates spurious high- 
frequency signal such as transmission and reception signals 
of other frequency band communication systems represented by 
GSM in the 900 MHz band, DCS in the 1.8 GHz band, and PCS in 
the 1.9 GHz band. 

The high-frequency switch 12 switches a transmission 
signal and a reception signal, and attenuates the third 
harmonic of reception signal of the 2.4 GHz communication 
system of preferred embodiments of the present invention. 

The transmitter- side balun 13 converts a balanced 
signal into an unbalanced signal. The receiver- side balun 
14 converts an unbalanced signal into a balanced signal, and 
attenuates the second harmonic of the reception signal of 
the communication system of preferred embodiments the 
present invention. 

A first terminal 111 of the high-pass filter 11, which 
corresponds to the first terminal 101 of the high-frequency 
module 10, is connected to an antenna ANT. A second 
terminal 112 of the high-pass filter 11 is connected to a 
first terminal 121 of the high-frequency switch 12. 

A second terminal 122 and a third terminal 123 of the 



high-frequency switch 12 are connected to an unbalanced 
terminal 131 of the transmitter-side balun 13 and an 
unbalanced terminal 141 of the receiver-side balun 14, 
respectively. 

Balanced terminals 132 and 133 of the transmitter-side 
balun 13, which respectively correspond to the second and 
third terminals 102 and 103 of the high-frequency module 10, 
are connected to the transmitter circuit Tx. Balanced 
terminals 142 and 143 of the receiver-side balun 14, which 
respectively correspond to the fourth and fifth terminals 
104 and 105 of the high-frequency module 10, are connected 
to the receiver circuit Rx. 

Fig. 2 is a circuit diagram of the high-pass filter 11 
in the high-frequency module 10 shown in Fig. 1. 

The high-pass filter 11 includes inductors Lll and L12, 
and capacitors Cll to C15 . The capacitors Cll to C13 are 
connected in series between the first terminal 111 and the 
second terminal 112. The junction of the capacitors Cll and 
C12 is grounded through the inductor Lll and the capacitor 
C14, and the junction of the capacitors C12 and C13 is 
grounded through the inductor L12 and the capacitor C15 . 

Fig. 3 is a circuit diagram of the high-frequency 
switch 12 in the high-frequency module 10 shown in Fig. 1. 

The high-frequency switch 12 preferably includes diodes 
Dl and D2 , inductors L21 to L23, capacitors C21 to C23, and 



resistor R. The inductor L21 is a parallel trap coil, and 
the inductor L22 is a choke coil. 

The diode Dl is connected between the first terminal 
121 and the second terminal 122 with the cathode being 
directed to the first terminal 121. A serial circuit of the 
inductor L21 and the capacitor C21 is connected in parallel 
to the diode Dl . 

The anode of the diode Dl, which is connected to the 
second terminal 122, is grounded through the inductor L22 
and the capacitor C22, and a control terminal Vc is 
connected to a node between the inductor L22 and the 
capacitor C22. 

The inductor L23 is connected between the first 
terminal 121 and the third terminal 123, and a node between 
the inductor L23 and the third terminal 123 is grounded 
through the diode D2 and the capacitor C23. The junction of 
the cathode of the diode D2 and the capacitor C23 is 
grounded through the resistor R. 

Figs. 4A and 4B are circuit diagrams respectively 
showing the transmitter- side balun 13 and the receiver- side 
balun 14 in the high-frequency module 10 shown in Fig. 1. 

As illustrated in Figs. 4A and 4B, since the 
transmitter-side balun 13 and the receiver-side balun 14 
preferably have the same circuit structure, a description of 
the receiver-side balun 14 is omitted to avoid repetition. 



However, reference numerals corresponding to those of the 
transmitter- side balun 13 are provided in parentheses. 

The transmitter-side balun 13 (14) has a first line 13a 
(14a) having one end connected to the unbalanced terminal 
131 (141), a second line 13b (14b) having one end connected 
to the balanced terminal 132 (142), and a third line 13c 
(14c) having one end connected to the balanced terminal 133 
(143) . The other end of the first line 13a (14a) is open- 
end, and the other ends of the second and third lines 13b 
and 13c (14b and 14c) are grounded. 

Fig. 5 is a partially exploded perspective view of the 
high- frequency module 10 shown in Fig. 1. The high- 
frequency module 10 includes a multilayer substrate 15. The 
multilayer substrate 15 preferably includes the inductors 
Lll and L12, and the capacitors Cll to C15 of the high-pass 
filter 11 (see Fig. 2); the inductors L21 to L23, and the 
capacitor C22 of the high-frequency switch 12 (see Fig. 3) ; 
the first to third lines 13a to 13c of the transmitter-side 
balun 13 (see Fig. 4A) ; and the first to third lines 14a to 
14c of the receiver-side balun 14 (see Fig. 4B) , although 
these components are not shown in Fig. 5. 

Mounted on a surface of the multilayer substrate 15 are 
the diodes Dl and D2 , the capacitors C21 and C23, and the 
resistor R of the high-frequency switch 12 (see Fig. 3) , and 
a gallium arsenide (GaAs) integrated circuit (IC) on which 
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the transmitter circuit Tx and the receiver circuit Rx are 
mounted. These components are formed into chips, and these 
chips are mounted on the multilayer substrate 15. The 
multilayer substrate 15 preferably has four external 
terminals Tl to T4 extending over side surfaces towards the 
bottom surface using a technique such as screen printing. 

A metal cap 18 having short projections 181 and 182, 
which face each other, lies over the multilayer substrate 15 
to cover the chips of the diodes Dl and D2, the capacitors 
C21 and C23, the resistor R, and the GaAs IC, which are 
mounted on the multilayer substrate 15, such that the 
projections 181 and 182 are placed against the external 
terminals T3 and T4 . 

The external terminals Tl and T2 correspond to the 
first terminal 101 of the high-frequency module 10 and the 
control terminal Vc of the high-frequency switch 12, 
respectively. The external terminals T3 and T4 define 
ground terminals. 

Connections between the second terminal 112 of the 
high-pass filter 11 and the first terminal 121 of the high- 
frequency switch 12, between the second terminal 122 of the 
high-frequency switch 12 and the unbalanced terminal 131 of 
the transmitter-side balun 13, and between the third 
terminal 123 of the high-frequency switch 12 and the 
unbalanced terminal 141 of the receiver- side balun 14 are 
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achieved within the multilayer sxibstrate 15. 

Also, the second to fifth terminals 102 to 105 of the 
high-frequency module 10 are connected to the GaAs IC 
incorporating the transmitter circuit Tx and the receiver 
circuit Rx within the multilayer substrate 15. 

Figs. 6A to 6D, and Figs. 7A to 7D, and Fig. 8A are top 
plan views of a plurality of dielectric layers that define 
the multilayer substrate 15 of the high-frequency module 10 

shown in Fig. 5. Fig. 8B is a bottom view of the dielectric 

/ 

layer shown in Fig. 8A. 

The multilayer substrate 15 is preferably formed by 
laminating first to ninth dielectric layers 151 to 159 in 
the stated order from the top, which layers are preferably 
made of ceramic essentially containing barium oxide, 
aluminum oxide, and silica, and by firing the laminate at a 
firing temperature not higher than about 1,000*=*C. 

The first dielectric layer 151 shown in Fig. 6A has 
lands La provided on the upper surface thereof using a 
technique such as screen printing. The lands La preferably 
have the diodes Dl and D2, the capacitors C21 and C2 3, and 
the resistor R of the high-frequency switch 12, and the GaAs 
IC disposed thereon, and the lands La are mounted on the 
surface of the multilayer substrate 15. The second 
dielectric layer 152 shown in Fig. 6B has lines Li formed on 
the upper surface thereof using a technique such as screen 
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printing or other suitable process. 

The third, seventh, and ninth dielectric layers 153, 
157, and 159 shovm in Figs. 6C, 7C, and 8A have ground 
electrodes Gpl to Gp3 formed on the upper surfaces thereof, 
respectively, using a technique such as screen printing or 
other suitable process. The fourth to sixth dielectric 
layers 154 to 156 shown in Figs. 6D, 7A, and 7B have strip 
line electrodes SLl to SL15 formed on the upper surfaces 
thereof, respectively, using a technique such as screen 
printing or other suitable process. 

The seventh to ninth dielectric layers 157 to 159 shown 
in Figs. 7C, 7D, and 8A have capacitor electrodes Cpl to Cp8 
formed on the upper surfaces thereof, respectively, using a 
technique such as screen printing or other suitable process. 
As shown in Fig. SB, the external terminals Tl to T4 are 
printed and formed on the bottom surface 159u of the ninth 
dielectric layer 159 using a technique such as screen 
printing or other suitable process. 

The strip line electrodes SLl to SL15, the capacitor 
electrodes Cpl to CpB, and the ground electrodes Gpl to Gp3 
are preferably each defined by conductor layers. 

The first to eighth dielectric layers 151 to 158 shown 
in Figs. 6A to 6D and 7A to 7D have via-hole electrodes Vhl 
to Vh9 arranged to connect the strip line electrodes SLl to 
SL15, the capacitor electrodes Cpl to Cp8, the ground 
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electrodes Gpl to Gp3, the lands La and the lines Li at 
predetermined positions. 

In the high-pass filter 11, the inductor Lll is 
preferably defined by the strip line electrodes SL2 and.SllO, 
and the inductor L12 is preferably defined by the strip line 
electrodes SL3 and SLll. The capacitor Cll is preferably 
defined by the capacitor electrodes Cp2 and Cp7, the 
capacitor C12 is preferably defined by the capacitor 
electrodes Cpl to Cp3, the capacitor C13 is preferably 
defined by the capacitor electrodes Cp3 and Cp8, the 
capacitor C14 is preferably defined by the capacitor 
electrode Cp4 and the ground electrodes Gp2 and Gp3 , and the 
capacitor C15 is preferably defined by the capacitor 
electrode Cp5 and the ground electrodes Gp2 and Gp3 . 

In the high-frequency switch 12, the inductor L21 is 
preferably defined by the strip line electrodes SLl and SL9, 
the inductor L22 is preferably defined by the strip line 
electrodes SL4 and SL13, and the inductor L23 is preferably 
defined by the strip line electrode SL12 . The capacitor C22 
of the high-frequency switch 12 is preferably defined by the 
capacitor electrode Cp6 and the ground electrodes Gp2 and 
Gp3. 

The first, second, and third lines 13a, 13b, and 13c of 
the transmitter- side balun 13 are preferably defined by the 
strip line electrodes SL14 , SL6, and SL8, respectively. 
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The first, second, and third lines 14a, 14b, and 14c of 
the receiver- side balun 14 are preferably defined by the 
strip line electrodes SL15, SL5, and SL7, respectively. 

According to the first preferred embodiment, the high- 
frequency module 10 includes the high-pass filter 11 which 
functions as a high-frequency filter for attenuating 
spurious high-frequency signals. This prevents degradation 
of insertion loss at the high-frequency filter. This 
further makes it possible to provide a high-frequency module 
having high performance for transmission/reception, thus 
improving the performance for transmission/reception in a 
radio device. 

Since the high-frequency switch 12 attenuates the third 
harmonic of the reception signal, the high-pass filter 11 
and the high-frequency switch 12 may be used to effectively 
and sufficiently attenuate the spurious high-frequency 
signal. This provides a high-frequency module having higher 
performance for transmission/reception. 

Since the receiver-side balun 13 attenuates the second 
harmonic of the reception signal, the high-pass filter 11 
and the receiver- side balun 13 may be used to sufficiently 
attenuate the spurious high-frequency signal. This provides 
a high-frequency module having higher performance for 
transmission/reception . 

Since the high-frequency module 10 includes the 
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multilayer siibstrate 15 defined by laminating a plurality of 
dielectric layers, connections of the high-pass filter 11, 
the high-frequency switch 12, the receiver- side balun 13, 
and the transmitter- side balun 14 are achieved within the 
multilayer substrate 15. This reduces the losses due to the 
respective connections, thus reducing the overall losses of 
the high-frequency module 10. 

The multilayer substrate 15 preferably formed by 
laminating a plurality of dielectric layers preferably 
includes all of the components that define the high-pass 
filter 11, the receiver-side balun 13, and the transmitter- 
side balun 14, and some of the components that define the 
high-frequency switch 12, and also has the remainder of the 
components mounted thereon. This facilitates matching 
between the high-pass filter 11 and the high-frequency 
switch 12, between the high-frequency switch 12 and the 
receiver- side balun 13, and between the high-frequency 
switches 12 and the transmitter-side balun 13. Thus, no 
matching circuit is required to provide matching 
therebetween. This results in a compact high-frequency 
module . 

Fig. 9 shows a high-frequency module 20 according to a 
second preferred embodiment of the present invention. The 
high-frequency module 20 includes first to fifth terminals 
201 to 205, a notch filter 21, a high-frequency switch 12, a 
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transmitter-side balun 13, and a receiver- side balun 14. 

The notch filter 21 attenuates spurious high-frequency- 
signals such as transmission and reception signal of other 
frequency band communication systems represented by GSM in 
the 900 MHz band, DCS in the 1.8 GHz band, and PCS in the 
1.9 GHz band. 

The high-frequency switch 12, the transmitter-side 
O balun 13, and the receiver- side balun 14 have the same 

\u functions as those in the high-frequency module 10 according 

III 

to the first preferred embodiment shown in Fig. 1. 

A first terminal 211 of the notch filter 21, which 

' * corresponds to the first terminal 201 of the high-frequency 

ii 

module 20, is connected to an antenna ANT. A second 
Q terminal 212 of the notch filter 21 is connected to a first 

11! 

Q terminal 121 of the high-frequency switch 12. 

I- 

A second terminal 122 and a third terminal 123 of the 
high-frequency switch 12 are connected to an unbalanced 
terminal 131 of the transmitter- side balun 13 and an 
unbalanced terminal 141 of the receiver- side balun 14, 
respectively. 

Balanced terminals 132 and 133 of the transmitter-side 
balun 13, which respectively correspond to the second and 
third terminals 202 and 203 of the high-frequency module 20, 
are connected to the transmitter circuit Tx. Balanced 
terminals 142 and 143 of the receiver-side balun 14, which 



respectively correspond to the fourth and fifth terminals 
204 and 205 of the high-frequency module 20, are connected 
to the receiver circuit Rx. 

Fig. 10 is a circuit diagram of the notch filter 21 in 
the high-frequency module 20 shovm in Fig. 9. 

The notch filter 21 preferably includes inductors L31 
and L32, and capacitors C31 and C32 . A serial circuit of 
the inductor L31 and the capacitor C31, and a serial circuit 
of the inductor L32 and the capacitor C32 are connected in 
parallel between the first terminal 211 and the second 
terminal 222. 

According to the second preferred embodiment, the high- 
frequency module 2 0 includes the notch filter 21 that 
functions as a high-frequency filter for attenuating the 
spurious high-frequency signal. This prevents the 
characteristic of insertion loss at the high-frequency 
filter from being degraded. This further makes it possible 
to provide a high-frequency module having high performance 
for transmission/reception, thus improving the performance 
for transmission/reception in a radio device. 

The vicinity of higher harmonics, which are desired to 
be attenuated, is only attenuated, thus reducing the 
influence on the fundamental pass band. Therefore, the 
overall losses of the high-frequency module are greatly 
reduced. 



Fig. 11 shows a high-frequency module 30 according to a 
third preferred embodiment of the present invention. The 
high-frequency module 3 0 preferably includes first to fifth 
terminals 301 to 305, a high-pass filter 11, a high- 
frequency switch 12, a transmitter-side balun 13, a 
receiver-side balun 14, a low-pass filter 31, and a high- 
power amplifier 32. 

The low-pass filter 31 attenuates noise caused by the 
high-power amplifier 32, which is a spurious high-frequency 
signal, such as harmonics of transmission signal of the 2.4 
GHz communication system of preferred embodiments of the 
present invention. The high-power amplifier 32 amplifies 
the transmission signal of that communication system. 

The high-pass filter 11, the high-frequency switch 12, 
the transmitter-side balun 13, and the receiver-side balun 
14 preferably have the same functions as those in the high- 
frequency module 10 according to the first preferred 
embodiment shown in Fig. 1. 

A first terminal 111 of the high-pass filter 11, which 
corresponds to the first terminal 301 of the high-frequency 
module 30, is connected to an antenna ANT. A second 
terminal 112 of the high-pass filter 11 is connected to a 
first terminal 121 of the high-frequency switch 12. 

A second terminal 122 and a third terminal 123 of the 
high-frequency switch 12 are connected to a first terminal 



311 of the low-pass filter 31, and an unbalanced terminal 
141 of the receiver-side balun 14, respectively. 

A second terminal 312 of the low-pass filter 31 is 
connected to a first terminal 321 of the high-power 
amplifier 32, and a third terminal 322 of the high-power 
amplifier 32 is connected to an unbalanced terminal 131 of 
the transmitter-side balun 13. 

Balanced terminals 132 and 133 of the transmitter-side 
balun 13, which respectively correspond to the second and 
third terminal 302 and 3 03 of the high-frequency module 30, 
are connected to the transmitter circuit Tx. Balanced 
terminals 142 and 143 of the receiver-side balun 14, which 
respectively correspond to the fourth and fifth terminals 
2 04 and 2 05 of the high-frequency module 20, are connected 
to the receiver circuit Rx. 

Fig. 12 is a circuit diagram of the low-pass filter 31 
in the high-frequency module 30 shown in Fig. 11. 

The low-pass filter 31 includes an inductor L41, and 
capacitors C41 to C43 . A parallel circuit of the inductor 
L41 and the capacitor C41 is connected between the first 
terminal 311 and the second terminal 312, and the ends of 
the parallel circuit are connected to the ground through the 
capacitors C42 and C43, respectively. 

According to the third preferred embodiment, the high- 
frequency module 30 includes the high-pass filter 11 and the 



low-pass filter 31 to eliminate noise caused by the high- 
power amplifier 32 that is used to amplify the power of the 
transmission signal. This provides a radio device with 
greatly improved performance for transmission, which 
requires a high-power transmission signal. 

In the preferred embodiments, a multilayer substrate 
contains all of the components that define a high-pass 
filter or notch filter, a receiver-side balun, and a 
transmitter- side balun, and some of the components that 
define a high-frequency switch, and also has the remainder 
of the components that define the high-frequency switch 
mounted thereon. However, the present invention is not 
limited to this structure. The high-frequency module may 
also be designed so that a multilayer substrate containing 
all the components that define a high-pass filter or notch 
filter, a receiver-side balun, and a transmitter-side balun, 
and some of the components that define a high-frequency 
switch, .and the remainder of the components that define the 
high-frequency switch are mounted on the same printed board. 

In the third preferred embodiment, a low-pass filter 
and a high-power amplifier are preferably disposed between a 
high-frequency switch and a transmitter- side balun. However, 
a notch filter and a high-power amplifier may also be 
disposed therebetween. In this case, the notch filter may 
be used to attenuate only the vicinity of noise caused by 



the high-power amplifier, which is desired to be attenuated, 
thus reducing the influence on the fundamental pass band. 
Therefore, the insertion loss at the fundamental pass band 
is reduced to reduce the overall losses of the high- 
frequency module. 

Although the present invention has been described 
through illustration of its preferred embodiments, it is to 
be understood that the preferred embodiments are only 
illustrative and that various changes and modifications may 
be made thereto without departing from the scope of the 
present invention which is limited solely by the appended 
claims . 



